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Fig. S1. Purification of the refolded complex from free pigment and unfolded apoproteins. 
The separation of the refolded complex from free or unspecifically bound pigments and unfolded 
protein needs at least 3 steps: 1) a first ultracentrifugation on a sucrose gradient of the reconstitution 
mix (Fig S1A). Two bands are obtained, a lower one enriched in folded Lhc complex and a upper 
one containing free pigments and unfolded protein. The unfolded protein has a slower migration 
then the folded complexes, due to the absence of bound pigments and probably also due to a 
different 3D organization. 2) Band 2 is collected with a syringe and further purified from residual 
free pigments and apoprotein by anionic exchange chromatography (see Experimental Procedures 
for details)(Fig S1B). The run is followed at 280 nm (red line), where both pigments and protein 
absorb, and at 675 nm (black line), where only the pigments absorb (Fig S1B). The free pigments, 
which do not interact with the column, are eluted at the beginning of the run (peak 1). The refolded 
Lhc complex (peak 2) is eluted by increasing the ionic strength, through a linear gradient  from 0 to 
500 mM of NaCl (the blue line shows the conductivity). Peak 2, containing the refolded protein, is 
eluted at 8-10 µS/cm. A third peak (peak 3) is eluted at 25-26 µS/cm and it contains only the 
apoprotein, as also indicated by the absence of absorption at 675 nm for this band. 3) Fractions 
containing the folded complex are collected and further purified by a second sucrose gradient (Fig. 
S1C). As a reference of aggregation state, the sucrose gradients of CP24-WT and LHCII are 
compared, the latter being able to form trimers. The protein environment induces a shift of the 
electronic transitions of the pigments towards lower energy as compared to the values in solution, 
so the absorption maximum of the pirment-protein complex is around 674 nm for CP24), while that 
of the free pigments in the same detergent solution is around 670 nm. This difference in absorption 
allows following the extent of purification of the complex during the different steps by analyzing 
the absorption spectra. In the lower part of the figure the absorption spectra of CP24-WT complex 
(black line) and free pigments (red line) at the different stages of purification are shown. The 
spectra are normalized at the maximum in the red region.  
Virtually identical results were obtained for all mutants (monomeric aggregation state, elution from 
the column in the same ionic strength range as the WT), but Chl 602-mutant, which does not lead to 
a refolded complex and thus lacks peak 2. This indicates that most of the mutants lead to refolded 
complexes, which maintain a 3D structure similar to that of the WT.   
 
 
Fig. S2. Triplet-minus-Singlet measurements under aerobic conditions. 
The TmS spectra of all complexes were also measured in the presence of oxygen. For all four 
complexes the decay in the 420-570 nm region could be best fitted with one exponential 
component, having lifetimes in the 1.4-1.7 µs range. The spectra are the sum of the two spectra 
observed under anaerobic conditions (see main text fig. 6), indicating that they contain both the 
carotenoid and the chlorophyll triplets. The lifetimes are far shorter then observed under anaerobic 
conditions due to the presence of oxygen which interact with both Chls and carotenoids, leading to a 
shortening of the lifetimes (e.g. Peterman, E. J. G., Dukker, F. M., van Grondelle, R., and van 
Amerongen, H. (1995) Biophys.J. 69, 2670-2678) 
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